Surface litter from a natural and a sewage-enriched cypress dome in northcentral Florida showed a pronounced seasonal pattern of nitrogenase (acetylene reduction) activity associated with seasonal leaf fall from deciduous trees in the domes. Samples of peat from cores indicated negligible nitrogenase activity below the surface layer. Integrating the monthly rates of nitrogen fixation (based on the theoretical molar ratio of 3:2 for C2H4/NH3) yielded 0.39 and 0.12 g of N/mi2 per year fixed in the litter of the natural and sewage-enriched domes, respectively. The nitrogen fixed in the first 3 months after leaf fall in the natural dome represented about 14% of the nitrogen increment in the decomposing cypress leaves, but fixation contributed a negligible amount of nitrogen (<1%) to decomposing litter in the sewage-enriched dome.
Cypress domes are small subcircular swamps that are found throughout the pine-palmetto woodlands of the southern Atlantic and the Gulf Coastal plain. The domes vary in area from about 1 ha to more than 10 ha (usually less than 5 ha) and are a common geomorphological landforn in the region. Odum et al. (18) proposed using cypress ecosystems as an alternative to conventional tertiary treatment of sewage effluent, and feasibility studies on this proposal have been under way near Gainesville, Fla., for the past 6 years. Ewel and Odum (5) recently concluded that the use of cypress wetlands for tertiary treatment of sewage is favorable for several reasons, including: (i) lower cost, compared with physicochemical methods; (ii) better filtration and less ecosystem change, compared with upland disposal; and (iii) higher adaptability to high nutrient and low dissolved oxygen levels, compared with disposal into rivers and lakes. Recycling treated sewage into cypress wetlands can save waste treatment costs and maintain a high-quality timber product. This alternative for treatment of sewage effluent and storn water runoff is being considered on a caseby-case basis in Florida.
The disposal of treated sewage into cypress swamps stimulated studies of nutrient cycling processes in natural as well as sewage-affected Several investigators have reported that the relative amount of nitrogen in leaf detrital systems increases during in situ decomposition (2, 4, 7, 13, 15, 17) . The increases were frequently preceded by decreases in nitrogen content during the first few days of immersion, presumably by leaching. Little work has been reported on the role of nitrogen fixation in increasing nitrogen concentration. Howarth and Fisher (11) Nitrogen analysis. Nitrogen concentration was determined by the micro-Kjeldahl method after the samples were ground in a Wiley mill (1) . Duplicate samples were within 5%, and coefficients of variation for primary standards were within 5%.
Acetylene reduction assay. Nitrogenase activity in litter samples from the domes was determined by the acetylene reduction method (10, 20) . Acetylene was generated immediately before use from calcium carbide and water, and samples were analyzed for ethylene by injecting 0.5 ml of gas into a VarianAerograph model 600 D gas chromatograph with a column (2.7 m by 0.3 cm) packed with Poropak R and a hydrogen flame ionization detector. Nitrogen was the carrier gas (flow rate, 17 ml/min), and the column temperature was 56 to 57°C. Because of problems associated with the use of metabolic poisons in terminating acetylene reduction activity (12, 19, 21) , chromatographic analysis was performed immediately after incubation. In all assays, controls without C2H2 were set up; however, these almost always proved to be negligible. Ethylene contamination of the acetylene was always known and allowed for in the final calculations. Surface litter sampling and assay procedures. Samples of surface litter and standing water were obtained monthly by submerging a 22-or 70-ml serum bottle to the litter surface, tuming it upright, and allowing bottom water to displace the air inside. Organic matter (mostly cypress and black gum leaf litter) was then inserted into the bottles while they were still submerged, displacing the bottom water inside the bottle. The bottles were brought to the surface and immediately capped with a rubber serum bottle stopper so that the organic matter would not be exposed to air. The bottles were transported back to the laboratory on ice and kept refrigerated at4C until injected with acetylene (within 5 h of field collection). A high percentage of aqueous phase was maintained (-80%) to avoid exposing the acetylene-reducing organisms to more oxygen than that present in the bottom waters and to increase the sensitivity of the acetylene reduction method (6) . Because of a cover of floating plants (mainly duckweed, Lemna minor), surface water in the sewage-enriched dome normally had low levels of dissolved oxygen (0.0 to 0.8 mg/liter). The natural dome did not have a plant cover, and dissolved oxygen levels were higher, although still below saturation (0.2 to 6.8 mg/liter). Air and acetylene were injected (3 ml of air followed by 10 ml of acetylene) to give a final concentration of dissolved acetylene of 0.15 ml of C2H2 per ml of water. The gases were injected with a 10-ml syringe, and displaced water was vented through a hypodermic needle inserted into the stopper of the serum bottle. This procedure maintained a constant pressure and did not expose the inside of the bottle to more air than that which was injected. The bottles were then shaken vigorously by hand for 15 to 30s to equilibrate the vapor and aqueous phases and immediately incubated at in situ water temperatures in the dark for 3 to 25 h. At the end of the incubation period, the serum bottles were again shaken vigorously for 1 min before 0.5 ml of gas phase was withdrawn for measurement of ethylene content by gas chromatography. Corrections for ethylene solubility in equilibrated closed systems were made according to Henry's Law (6) .
Peat depth profile. Two polyvinylchloride cores were obtained from the natural dome with a piston corer in March and April 1979 to determine vertical variations of acetylene reduction activity in the peat. The cores (with overlying water) were sealed by rubber stoppers to prevent exposure to the air, returned to the laboratory, and extruded within 3 h of sampling. Horizontal slices (2 cm thick) were obtained from depths of 0 to 2, 3 to 5, 6 to 8, and 8 to 10 cm by pushing the sediment up the core tubes with a piston and slicing off the sediment at the top. Each sample was divided into four subsamples, three of which were incubated with C2H2. The fourth subsample was incubated without C2H2 as a control for the study of endogenous production of C2H4. Both control and experimental bottles were purged with He before acetylene was added to maintain anoxic conditions during incubation.
Surface water was assayed regularly to determine the amount of fixation in the water used to prepare peat and litter samples for acetylene reduction asay. (Fig. 1) . After March, the rates decreased in the natural dome but increased somewhat in the sewage dome until June. Nitrogenase activities in both domes returned to the initially low levels by August 1979. At no time were the measured rates from the sewage dome higher than the rates in the natural dome. Integrating the monthly rates over the year of measurement yielded
RESULTS
Rates of acetylene reduction were linear, with no lag period over the range of incubation periods employed. The measured rates apply only to the surface layer of submerged litter on the swamp floor; core sections from below the surface produced negligible amounts of ethylene on both occasions when the cores were taken. Assays of the standing water (collected at the peatwater interface) consistently showed no ethylene. Nitrogen exchange in decomposing cypress leaves. The original nitrogen concentration decreased significantly during initial decomposition of the pond cypress leaves in litter bags in the natural dome; after 1 month, the concentration was only 81% of the initial value (Fig. 2) . This loss was later replenished in excess of the original concentration. On the other hand, the concentration in the pond cypress leaves decomposing in the sewage-enriched dome increased immediately after placement in the dome.
CARY NATURAL DOME SEWAGE DOME ,' as dry weight.) After 4 months of decomposition, the nitrogen content of the leaf litter increased to 9.50 mg of N per g, or 117% of its original level. Thus, during the 3 months when the nitrogen concentration of the litter was increasing, a total of 2.92 mg of N per g was added (or at least conserved) compared with carbon and total organic matter. The total fixation during this period was 0.408 mg of N per g (dry weight), as determined by integrating the area under the seasonal nitrogen fixation curve for the period December 1978 to March 1979. Thus, 14% (0.408 mg/2.92 mg) of the nitrogen increment could be due to nitrogen fixation. Nitrogen concentrations in decomposing litter from the sewage dome never decreased below the original value (15.0 mg of N per g, dry weight), because a constantly high concentration of combined nitrogen (9.6 to 18.7 mg/liter) from the sewage provided a more favorable milieu for bacterial and fungal assimilation. This fact, along with the low levels of nitrogenase activity ( Fig. 1) , indicates that nitrogen fixation was a negligible contributor of nitrogen to the decomposing litter of the sewage-enriched dome. DISCUSSION Increases in the concentration of an element during decomposition can be explained either by assimilation of the element from the environment by fungi and bacteria colonizing the litter or by relative retention of the element in the litter (compared with the bulk organic matter). The extent to which these two processes occur depends on the relative concentrations and availability of the element in the litter and in the immediate environment.
An increase in nitrogen concentration in decomposing litter may also be due to nitrogen fixation. In view of the nitrogen deficiency of senescent leaves and the high ratio of carbon to nitrogen in fresh litter (56.5 in the natural dome), nitrogen fixation could be expected to be an important process in litter decomposition. Numerous investigations have shown that heterotrophic nitrogenase activity (C2H2) can be stimulated by adding simple carbon compounds (3, 9, 23, 24) . Such stimulation is suggested by the winter peak of nitrogenase activity in the natural dome, which followed the deposition of abscised leaves from the two dominant trees (cypress and black gum) during October and November. Todd et al. (22) also reported a winter peak in nitrogenase activity (C2H2) for leaf litter in a deciduous forest.
Levels of combined inorganic nitrogen in the surface water and sediment interstitial water of the natural dome were relatively low (0.22 and 0.17 mg/liter, respectively). Nitrogen fixation apparently supplements the normal absorption of combined nitrogen by bacteria and fungi from the aquatic environment as the organisms use the carbon-rich litter substrate. While fixation evidently does not provide a major part of the nitrogen requirement of trees in the domes, the fixation associated with decomposing leaf litter does contribute nitrogen to an environment short of available combined nitrogen. In addition, the 10-to 20-fold increase in nitrogenase activity during the cold and dormant part of the year occurs at a time when nitrogen released from decomposing diazotrophs would be available for spring growth of a new forest canopy.
Waughman and Bellamy (23) suggested that fixation could contribute at least as much nitrogen as precipitation to some accreting peat formations in Scotland. They found a relationship between the hydrology of mires (peat-producing ecosystems) and nitrogenase activity; higher acetylene reduction rates were associated with peat from rheophilous mires, which receive surface water inflows, than with peat from ombrophilous mires, which receive only rainfall. This finding was supported by Moore and Bellamy (16) , who summarized data on acetylene reduction in developing peat mires located in Europe and Canada. For five sites with both ombrophilous and rheophilous mires, no acetylene reduction was noted in any ombrophilous mires, whereas acetylene reduction was observed at all rheophilous mire types. The authors concluded that the supply of nitrogen may be a factor limiting the biological potential of ombrotrophic mires. On the other hand, significant nitrogenase activity was measured for surface peat from the natural dome, which is an ombrophilous swamp.
The low acetylene reduction rates associated with litter from the sewage dome are attributa- The results of the present study indicate that rates of litter-associated nitrogen fixation and mineralization are altered substantially when natural cypress domes are used for disposal of treated sewage. Nitrogen fixation rates associated with the decomposing leaf litter in the sewage-enriched dome were much lower than those in the natural dome, and fixation probably did not contribute significantly to the nitrogen economy of the sewage-enriched dome. These findings, along with other studies on these domes (5) , indicate that nitrogen is conserved in cypress domes. This retained nitrogen is available for both internal cycling and storage in the woody biomass.
